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STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

U. S. Bureau of Mines NASA Program of Multidisciplinary Research 
Leading to Utilization of Extraterrestrial Resources 

January 1, 1969 

Task title : 
Investigator: 
Location: 

Date begun: 

Per sonne 1 : 

Background analysis and coordination 
Thomas C. Atchison, Program Manager 
Twin Cities Mining Research Center 
Minneapolis, Minnesota 
April 1965 To be completed: Continuing 

Thomas C. Atchison, Supervisory Research Physicist 
Other Bureau personnel, as assigned 

PROGRESS REPORT 

Objective 

The objective of the program is to help provide basic scientific and 
engineering knowledge needed to use extraterrestrial mineral resources 
in support of future space missions. Under this task, background and 
supporting studies and coordinating and liaison activities for the 
program are carried out, 

Progress During the Second Quarter 

Evaluation of current information on the lunar surface continued. De- 
tailed results of the Surveyor VI1 landing in the lunar highlands are 
not yet available. However, preliminary results indicate no great dif- 
ferences in surface characteristics from those found in the maria land- 
ings. Good progress in the Apollo program is causing added effort in 
the many scientific studies related to the returned lunar samples ex- 
pected from the first manned landing, We have provided samples of our 
simulated lunar rocks to several investigators concerned with these 
studies. 

D. E. Fogelson and B. L. Vickers completed a trip through Oregon and 
northern California to replenish our supply of the 14 simulated lunar 
rocks being used in the,Bureau's program. The supply now on hand 
should be adequate for the next 18 months. 

In connection with the Surveyor simulation studies on our 14 simulated 
lunar rocks in progress at the Jet Propulsion Laboratory, several prop- 
erty studies have been carried out here on fine particle samples of the 
rocks. Dr. Rolland L. Blake, of the Metallurgy Research Center Petro- 
graphic laboratory, has made detailed studies of the magnetic minerals 
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i n  the  rocks; Joseph L. Condon, of our Explosive Fragmentation labora- 
tory,  has measured magnetic suscep t ib i l i t y ;  Russel l  E. G r i f f i n ,  of our 
Thermal Fragmentation laboratory,  has measured d i e l e c t r i c  constant;  and 
Ernest  Bukofzer, of our Chemically A s s i s t e d  Fragmentation laboratory,  
has measured spec i f i c  surface.  Some of the r e s u l t s  a r e  shown i n  t ab le  
1. 

S ta tus  of Manuscripts 

Proposal f o r  Continuing Bureau E x t r a t e r r e s t r i a l  Resource U t i l i z a t i o n  
Program, by T.  C .  Atchison, was submitted t o  NASA i n  July.  
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Mult idiscipl inary Research 

Task tit le: 
Invest igator :  
Locat ion: 

Date begun: 

P e r  sonne 1 : 

Chemical r e a c t i v i t y  of f r e sh ly  formed surfaces 
Cl i f ford  W .  Schultz,  Pro jec t  Leader 
Twin Cities Mining Research Center 
Minneapolis, Minnesota 
A p r i l  1966 To be completed: June 1969 

Clifford W .  Schultz,  Meta l lurg is t  
William H. Engelmann, Research Chemist 

PROGRESS REPORT 

Objective 

The object ive of t h i s  task i s  t o  def ine the equilibrium s t a t e  of miner- 
a l  surfaces  with respect  t o  adsorbed gases. Further ,  it i s  intended 
t h a t  ex i s t ing  adsorption isotherms be c l a r i f i e d  i n  the low pressure end 
of the scale .  

Progress During the Second Quarter 

This pro jec t  has been recessed during the f i r s t  and second quarters .  
Work planned w i l l  be completed i n  the th i rd  and fourth quarters .  

S ta tus  of Manuscripts 

None scheduled u n t i l  the four th  quarter .  
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Mul t id i sc ip l inary  Research 

Task t i t l e :  
Inves t iga tor  : 
Locat ion : 

Date begun: 

Personnel: 

Surface proper t ies  of rock i n  lunar environment 
Wallace W ,  Roepke, Pro jec t  Leader 
Twin Cities Mining Research Center 
Minneapolis, Minnesota 
Apr i l  1966 To be completed: Ju ly  1969 

William H. Engelmann, Research Chemist 
Wallace W. Roepke, Pr inc ipa l  Vacuum Spec ia l i s t  
Kenneth G.  Pung, Physical Science Technician 

PROGRESS REPORT 

Objective 

The goal of L i s  task  i s  t o  measure the surface proper t ies  of r0c . s  and 
rock-forming minerals i n  a simulated lunar environment. Because f r i c -  
t i on  i s  an important fea ture  of many mining operat ions,  the  immediate 
objec t ive  is  t o  measure the coe f f i c i en t s  of f r i c t i o n  of severa l  mineral 
and mineral-metal ( tungsten carbide)  p a i r s  i n  u l t r ah igh  vacuum. 

Progress During the Second Quarter 

I n i t i a l  runs have been made with the f r i c t i o n  apparatus i n  the u l t r a -  
high vacuum sys t e m  t h i s  quarter .  I n i t i a l  e r r a t i c  performance was traced 
t o  s lack i n  the loading mechanism which allowed a change i n  load a s  the 
sample was moved p a s t  the probe. After cor rec t ive  measures had reduced 
the s lack  t o  a t o l e rab le  l eve l ,  i t  w a s  found t h a t  the dr ive  motor was 
operating too f a r  down on i t s  power-torque curve, allowing the motor it- 
se l f  t o  run i n  a s t a r t  and s top manner. The dr iv ing  motor f o r  ro t a t ing  
the samples was connected t o  the atmospheric s ide  of the u l t r ah igh  vac- 
uum ro ta ry  feed-through by a f l e x i b l e  sha f t .  
redesigned using two la rge  and two small pul leys  i n  a configurat ion such 
t h a t  the motor operates  fu r the r  up the s lope of the torque curve while 
allowing the  desired output speeds f o r  the samples of 0.48 t o  4.8 degrees 
per minute r a d i a l  ve loc i ty .  The apparatus i s  now performing s a t i s f a c t o r i l y .  

The dr ive  mechanism was 

Two glove boxes fo r  environmental cont ro l  have been received from F t .  
Detrick,  Md. surplus .  One w a s  t ransfer red  t o  the  Rock Physics laboratory.  
The other  has been s t r ipped  down, thoroughly cleaned, and i s  i n  the proc- 
e s s  of being modified with valving, a flow meter, and pressure and temper- 
a tu re  gauging t o  provide both a cont ro l led  s torage and work area.  

For using our C02 l a s e r  with the u l t r ah igh  vacuum chamber, germanium 
disks ,  a n t i r e f l e c t i o n  coated on both s ides ,  have been ordered a s  in f ra red  
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l a s e r  windows, together with spec ia l  Pyrex window blanks f o r  mounting 
of the germanium windows. 

One acqu i s i t i on  needed f o r  employing l a s e r  surface cleaning techniques 
i n  the  f r i c t i o n  s tud ie s  i s  a su i t ab le  radiometer. The type needed w i l l  
use a copper or  mercury doped germanium de tec tor  having a broad-band 
recept ion between 2 and 18 micrometers with a peak i n  the 10 t o  11 m i -  
crometer region. Response must be 2 mill isecond o r  b e t t e r  with a sen- 
s i t i v i t y  of +0.5°C. 
fo r  s e n s i t i v i t y  with a modulated input t o  ge t  r i d  of background noise  
and Cassegrainian op t i c s  for  focusing. Infrared work a t  10.6 micro- 
meters has gained i n t e r e s t  only i n  the l a s t  2 o r  3 years with the  ad- 
vent of the C 0 2  l a se r s .  The newness of t h i s  type of equipment, plus  
the response and s e n s i t i v i t y  t h a t  we requi re ,  r e s u l t s  i n  a high cos t ,  
beyond our cur ren t  budget. Because the radiometer i s  c r i t i c a l  t o  both 
the f r i c t i o n  s tudies  and the  thermal property s tud ies ,  w e  hope t o  l ea se  
the required equipment a 

This means the device must use  a chopped reference 

Preparation of the new l a se r  laboratory adjacent t o  the  u l t r ah igh  vac- 
uum laboratory i s  near ly  complete. This new area  w i l l  al low a more in- 
tegrated use of the l a s e r  and the vacuum system f o r  both surface and 
thermal property s tud ie s .  This a rea  w i l l  be ready f o r  use e a r l y  i n  the 

next quar te r .  

A considerable amount of time w a s  spent providing consulting services  
f o r  o thers  t h i s  quar te r .  Discussions have been held with personnel a t  
the Spokane Mining Research Laboratory concerning the problem of adapt- 
ing t h e i r  experimental procedures t o  u l t rah igh  vacuum t e s t s .  To pre- 
clude severe design and instrumentation d i f f i c u l t i e s ,  it was agreed 
t h a t  a s implif ied t e s t  design would be worked out .  

Discussions have a l s o  been held with personnel a t  the  Pi t tsburgh Explo- 
s ives  Research Center concerning the a p p l i c a b i l i t y  of two large s t e e l  
chambers t o  explosives research i n  high vacuum. A v i sua l  inspect ion of 
these f a c i l i t i e s  and a discussion of the desired techniques indicated 
t h a t  e i t h e r  of these chambers w i l l  be adequate f o r  the high vacuum they 
require  i n  t h e i r  research. 

The cooperative e f f o r t  with the Mechanical Fragmentation laboratory on 
the u l t r ah igh  vacuum d r i l l i n g  apparatus i s  continuing, a s  i s  the coop- 
e r a t i v e  e f f o r t  with the Fabric Analysis laboratory on the scanning e lec-  
t ron  microscope f a c i l i t y .  Other cooperative e f f o r t  has included work 
f o r  the Metallurgy Research Center here.  Some vacuum evaporated coat-  
ings were prepared f o r  a new microscopy technique being perfected by 
D r .  R. L .  Blake. The Quad 250 mass spectrometer head being used on the 
vacuum furnace f o r  the  carbon reduction s tud ie s  was contaminated t o  the  
point  where it needed a complete overhaul. The extremely d e l i c a t e  u n i t  
needed t o  be checked f o r  e l ec t ron ic  a s  well  a s  physical  alignment. The 
u n i t  was completely disassembled, ac id  etched, assembled, and realigned 
with a new filament being i n s t a l l e d .  
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Sta tus  of Manuscripts 

Inexpensive O i l  Vapor Trap f o r  U s e  with Rotary Vacuum Pumps, a journal  
a r t i c l e  by W .  W .  Roepke and K .  G. Pung, was published i n  the Interna-  
t i o n a l  Journal of Vacuum i n  August. 

Mass Spectrometer Studies  of Outgassing from Simulated Lunar Mater ia ls  
i n  Ultrahigh Vacuum,by W. W .  Roepke and C .  W .  Schultz,  i s  being pre- 
pared fo r  publ icat ion i n  the Journal of the American Vacuum Society.  

Anion Suppressor G r i d  for  Mass Spectrometer, an invention repor t  by 
W. W .  Roepke and K.  G. Pung, was submitted t o  the Washington o f f i c e .  

Vacuum Technology Course, an i n t e r n a l  repor t  by W .  W .  Roepke, has been 
temporarily placed i n  suspension. 
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Mul t id i sc ip l inary  Research 

Task t i t l e :  Rock f a i l u r e  processes and s t rength  and e l a s t i c  
proper t ies  i n  lunar environment 

Invest igator :  Egons R. Podnieks, Project  Leader 
Locat ion: Twin C i t i e s  Mining Research Center 

Minneapolis, Minnesota 
Date begun: June 1966 To be completed: June 1969 

Personnel: Egons R. Podnieks, Mechanical Research Engineer 
Robert J. Willard,  Geologist 
Richard E .  T h i l l ,  Geophysicist 
Peter  G.  Chamberlain, Geophysicist 
RollFe C .  Rosenquist, Engineering Technician 

PROGRESS REPORT 

Objective 

The object ive of t h i s  p ro jec t  i s  t o  study the e f f e c t  of u l t rah igh  vac- 
uum on rock deformation and f a i l u r e  processes a t  the macrostructural  
and the mic rwt ruc tu ra l  l eve l  and t o  measure rock s t rength and e l a s t i c  
proper t ies  i n  u l t rah igh  vacuum environment e 

Progress During the Second Quarter 

The alphatron vacuum gage was in s t a l l ed  i n  the u l t rah igh  vacuum system 
and several  pumpdowns were made with the gage performing s a t i s f a c t o r i l y .  
A l l  associated equipment t o  be used with the vacuum system fo r  the  rock 
property tests was serviced and ca l ib ra t ed .  A spring and guide rod as- 
sembly was designed t o  eliminate atmospheric pressure loading of t h e  
specimen through the bellows p r io r  t o  ac tua l  t e s t ing .  

A newly acquired glove box was modified fo r  bake-out and storage of 
rock specimens before they a re  tested i n  the  vacuum chamber. 

The rock property tes t  program in  vacuum or ig ina l ly  scheduled t o  begin 
during t h i s  quarter  w i l l  be underway e a r l y  i n  the th i rd  quar te r .  

Specif icat ions w e r e  prepared fo r  purchase of a scanning e lec t ron  micro- 
scope t o  extend Center capab i l i t y  i n  surface microtopography and f r ac -  
tu re  analysis .  Inv i t a t ions  fo r  bids  have been sen t  t o  prospective sup- 
p l i e r s .  Contract award i s  scheduled fo r  e a r l y  next quarter  and de l iv-  
e ry  and i n s t a l l a t i o n  is  expected by the end of the quar te r .  

S ta tus  of Manuscripts 

Environmental Ef fec ts  on Rock Proper t ies ,  by E .  R. Podnieks, P. G .  
Chamberlain, and R. E .  T h i l l ,  has been submitted fo r  publ icat ion i n  
the Proceedings of the Tenth Symposium on Rock Mechanics. 
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Mult idiscipl inary Research 

Task t i t l e :  F e a s i b i l i t y  of thermal fragmentation s tudies  i n  vacuum 
Invest igator :  Kuppusamy Thirumalai, Project  L'eader 
Locat ion: Twin C i t i e s  Mining Research Center 

Minneapolis, Minnesota 
Date begun: October 1966 To be completed: June 1969 

Personnel: Joseph M. Pugliese,  Geophysicist 
Kuppusamy Thirumalai, Mining Engineer 
Russell  E .  Gr i f f in ,  Electronic  Research Engineer 
Sam G.  Demou, Phys ic i s t  

PROGRESS REPORT 

Ob i ec t ive 

The object ive of t h i s  task i s  to  inves t iga te  the f e a s i b i l i t y  of ex- 
tending thermal fragmentation s tudies  t o  lunar vacuum environment. 

Progress During the Second Quarter 

Preliminary r e s u l t s  of l a s e r  i r r a d i a t i o n  on obsidian showed differences 
i n  fragmentation e f f e c t s  a t  d i f f e r e n t  leve ls  of incident  heat energy 
s imilar  t o  those reported l a s t  quar te r  for  other  simulated lunar rocks. 
Due t o  the near ly  homogeneous glassy matrix, obsidian was selected a s  a 
des i rab le  addi t ion fo r  t e s t s  on the  e f f e c t  of vacuum i n  the thermal 
s tud ies .  

Eight 1/2-inch diameter obsidian cores ,  5 inches long, were d r i l l e d  with 
a known o r i en ta t ion  out of the same block and experiments were conducted 
t o  e s t ab l i sh  the influence of 10"" t o r r  vacuum on the l i m i t s  of thermal 
softening. Similar  experimental conditions w e r e  maintained fo r  ni t rogen 
atmosphere and vacuum conditions.  The t e s t  r e s u l t s  show t h a t  the progress 
of thermal softening i s  e s s e n t i a l l y  the same i n  ni t rogen atmosphere and i n  
vacuum, w i t h  a softening point  of 870°C. Among the rocks tested thus f a r ,  
obsidian showed the l e a s t  va r i a t ion  between vacuum and atmospheric condi- 
t ions .  These r e s u l t s  confirm the previous f indings t h a t  a vacuum atmos- 
phere should not have an adverse e f f e c t  on the  process of thermal f rag-  
mentat ion. 

An estimate of the  e f f e c t  of vacuum on l inea r  thermal expansion appears 
t o  be necessary fo r  a complete ana lys i s  of thermal s t r e s s  behavior i n  
vacuum environments. A noncontact system of expansion measurements was 
designed using angular determinations of the sample dimenqion from out- 
s i d e  the vacuum chamber. E f fo r t s  a re  being made to  obtain a precis ion 
e lec t ro theodol i te  on loan from the Defense Logis t ics  Supply Center f o r  
exploratory tests with angular measurements. 
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A t t e m p t s  t o  ca r ry  out  d i f f e r e n t i a l  thermal ana lys i s  up t o  l,lOO°C i n  
granodior i te ,  obsidian,  flow b a s a l t ,  and dac i t e  to a sce r t a in  the re- 
ac t ion  a t  d i f f e r e n t  leve ls  of temperature up t o  the softening points  
were unsuccessful because of e r r a t i c  behavior of the equipment. These 
experiments w i l l  continue as  soon a s  the equipment i s  operating properly. 

Further s tud ies  in  thermal fragmentation of lunar rocks by l a se r  i r r a d i -  
a t ion  were delayed u n t i l  the  i n s t a l l a t i o n  of the l a s e r  and op t i ca l  equip- 
ment i n  the new l a se r  laboratory is  completed. 

S ta tus  of Manuscripts 

None scheduled u n t i l  the four th  quar te r .  

10 



STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Mul t id i sc ip l inary  Research 

Task t i t l e :  Thermophysical p roper t ies  of rock over lunar temperature 

Inves t iga tor :  David P. Lindroth, Pro jec t  Leader 
Location: 

Date begun: October 1966 To be completed: June 1969 

range 

Twin C i t i e s  Mining Research Center 
Minneapolis, Minnesota 

Per sonne 1 : Joseph M. Pugliese,  Geophysicist 
Russel l  E .  Griff  i n ,  Electronic  Research Engineer 
David P.  Lindroth, Phys ic i s t  
Carl  F. Wingquist, Phys ic i s t  
Walter 6 .  Krawza, Engineering Technician 

PROGRESS REPORT 

Objective 

The objec t ive  of t h i s  work i s  to  extend cu r ren t  s tud ie s  of the e f f e c t  
of temperature on thermophysical p roper t ies  of rocks a t  atmospheric 
pressure t o  cover the lunar temperature range. 

Progress During the Second Quarter 

The d isks  of A1,0, were prepared f o r  t e s t i n g  by means of the f l a s h  meth- 
od t o  determine the thermal proper t ies  of d i f f u s i v i t y ,  conductivity,  and 
heat  capacity.  I n i t i a l l y ,  microminiature g r id  thermocouples were em- 
placed on one face of t h e  specimen. These thermocouples proved t o  be in-  
adequate with respec t  t o  response t i m e ,  and the  d i f f u s i v i t y  values ob- 
ta ined showed an unacceptably large sca t t e r ing .  A s  a r e s u l t  the thermo- 
couples w i l l  no t  be used. 

Through the courtesy of Barnes Engineering Co., a low cos t  infrared ra- 
diometer was t r i e d .  The response time of the instrument was 50 mi l l i s ec -  
onds with an accuracy of -12.5OC. Experiments with t h i s  radiometer showed 
t h a t  we w i l l  need a grea te r  speed of response, preferably down t o  1 or  2 
mill iseconds.  Also an improved accuracy and a g rea t e r  temperature range 
w i l l  be required.  An important f inding from these experiments is t h a t  
w e  a r e  experiencing much higher temperatures a t  the sample surface,  f o r  a 
given amount of input energy, than we had previously suspected. The e f -  
f o r t  on the f l a s h  method w i l l  be reduced u n t i l  we  can acquire the neces- 
sa ry  infrared radiometer with adequate response time and temperature 
range 

A t  t he  request  of Jane de  Wys of the J e t  Propulsion Laboratory, Pasadena, 
C a l i f . ,  d i e l e c t r i c  constant  measurements a t  a frequency of 30 megahertz 
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were made on f i n e  p a r t i c l e  samples of gabbro, flow basa l t ,  and vesic-  
u l a r  basa l t  #l. These values a re  of i n t e r e s t  i n  connection with simu- 
la ted  footpad magnet experiments comparing r e s u l t s  w i t h  Surveyor V ,  V I ,  
and V I 1  lunar landing r e s u l t s .  Results of the  measurements a re  shown 
i n  t ab le  1, page 3 .  

E l e c t r i c a l  and mechanical i n s t a l l a t i o n  of the emissivi ty  measuring ap- 
paratus obtained from NASA surplus was completed and some e s s e n t i a l  vac- 
uum system instrumentation was ordered .  T r i a l s  of various components of 
the apparatus have revealed problems tha t  need correct ing t o  br ing the 
equipment up t o  f u l l  operating s t a t u s .  Some preliminary t e s t i n g  of s i m -  
u la ted lunar mater ia l  should be possible  before the end of the th i rd  
quarter  a 

Sta tus  of Manuscripts 

Die lec t r ic  Constants and Dissipation Factors for  Fourteen Rock Types 
Between 20 and 100 Megahertz, by R. E. G r i f f i n ,  i s  under preparation a s  
a journal  a r t i c l e .  

Thermal Expansion Measurements of Simulated Lunar Rocks, by R. E .  Gr i f f in  
and D. P .  Lindroth, i s  under preparat ion as  a journal a r t i c l e .  
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Mult idiscipl inary Research 

Task tit le : 
Invest igator :  
Location: 

Date begun: 

Personnel: 

Basic problems of d r i l l i n g  i n  lunar environment 
Robert L. Schmidt, Pro jec t  Leader 
Twin C i t i e s  Mining Research Center 
Minneapolis, Minnesota 
January 1967 To be completed: December 1969 

William E. Bruce, Supervisory Mining Engineer 
Robert L. Schmidt, Mining Engineer 
Carl  F. Anderson, Electronic  Engineer 
Robert R.  Fumanti, Engineering Technician 

PROGRESS REPORT 

Obiec t ive 

The object ive i s  t o  study the basic  problems of p a r t i c l e  adhesion, heat 
removal, and b i t  lubr ica t ion  associated w i t h  d r i l l i n g  in a lunar envi- 
ronment 

Propress During the Second Quarter 

The f e a s i b i l i t y  study of an u l t rah igh  vacuum d r i l l i n g  t e s t  t o  be per- 
formed i n  one of the Center ' s  vacuum chambers was completed and the de- 
c i s ion  was made t o  proceed w i t h  the construct ion of  a t e s t  apparatus. 
The purpose of the experiment w i l l  be to determine i f  p a r t i c l e  adhesion 
i n  a vacuum e x i s t s  t o  such an extent  t h a t  mechanical cu t t ings  removal 
systems now contemplated for  lunar d r i l l i n g  would be inef fec t ive .  The 
d r i l l i n g  experiment w i l l  be f i r s t  performed i n  atmosphere and then i n  
u l t rah igh  vacuum. High speed movies and torque measurements w i l l  be 
taken i n  both environments. 

During the second quarter  a layout drawing of the d r i l l  apparatus was 
completed and purchase orders were placed fo r  the required components. 

S ta tus  of Manuscripts 

None scheduled u n t i l  the four th  quarter .  
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Multidisciplinary Research 

Task title: Use of explosives on the Moon 
Investigator: Frank C. Gibson, Project Coordinator, Explosives Physics 
Location : Explosives Research Center 

Date begun: July 1966 To be completed: June 1969 
Pittsburgh, Pennsylvania 

Personnel: Frank C. Gibson, Supervisory Research Physicist 
Richard W. Watson, Research Physicist 
J. Edmund Hay, Research Physicist 
Charles R. Summers, Research Physicist 
William F. Donaldson, Research Physicist 
John J. Mahoney, Laboratory Electrician 
Elva M. Guastini, Explosives Equipment Operator 

PROGRES S RE PORT 

Objective 

The task objective is the acquisition of basic knowledge leading to the 
solution of potential problems involved in the use of chemical high ex- 
plosives in the lunar environment, specifically: (1) the stability of 
explosives and explosive devices in the lunar environment; (2) the prob- 
lem of exposure of explosives and explosive devices to (micro)meteoroid 
impact; and (3) the propagation characteristics of the blast wave (prod- 
ucts cloud) in the lunar atmosphere. 

Progress During the Second Quarter 

Experimental studies of condensed phase detonations at reduced pressures 
were continued. The preliminary work with 1.0-inch diameter spheres of 
Composition A-5 was temporarily abandoned because of the difficulties en- 
countered in synchronizing the Kerr Cell instrumentation with the initia- 
tion of the spherical charges. These difficulties arose from stray elec- 
tromagnetic radiation from the exploding-wire back-lighting source and the 
high voltage used to initiate the charge. To circumvent some of these dif- 
ficulties, additional experiments were conducted using the high-speed fram- 
ing camera capable of 1.25 million frames a second with a minimum exposure 
time of 0.14 psec. A special electric blasting cap is used for the initi- 
ation and synchronization of the explosives event to the camera. The 
blasting cap or detonator is too large to be used with the 1.0-inch diam- 
eter spherical charges and as a consequence 1.0-inch diameter x 2.0-inch 
long cylinders of Composition A-5 were used in the framing camera studies. 
The charge has a 1/4-inch diameter by 1-3/4-inch long axial cavity to con- 
tain the detonator which was 3 inches long. The functioning of the deton- 
ator is such that initiation takes place at the midpoint of the charge 
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allowing 1.0 inch f o r  the  buildup of s teady-s ta te  detonation. This is 
probably adequate fo r  the explosive composition used. The charges were 
posit ioned near the center  of e i t h e r  12- o r  22-l i ter  spher ica l  f l a s k s  
which were evacuated with a 260 l i t e r l s e c  turbo-molecular pump. 

To da te  14 f i r i n g s  have been completed over the pressure range from 
1.0 t o r r  to 1.8 x l(T7 t o r r .  Photographic observations were made of 
the charge p r o f i l e  and i n  some cases  a 45-degree mirror was employed 
to simultaneously view the f r e e  end of the charge and the impact of 
the detonat ion products on the wal l s  of the f l a s k s  i n  the d i r e c t i o n  of 
detonation. I n  most cases the experiment was back-lighted with an ex- 
ploding w i r e  located behind a paper d i f fus ion  screen. Black and white 
a s  wel l  a s  color  f i l m  was employed; a l l  f i r i n g s  were made a t  a camera 
mirror speed of 4,000 r p s  corresponding t o  a framing r a t e  of lo6 pic-  
tu res / sec  with an interframe t i m e  of 1 .0  psec and a minimum exposure 
time of 0.16 Gsec. 

The e n t i r e  s e r i e s  of photographs have not been analyzed i n  any g rea t  
d e t a i l  but the following t e n t a t i v e  conclusions can be made. The veloc- 
i t y  of the f a s t e s t  de tec tab le  e j e c t a  i s  approximately 22 km/sec and i s  
constant  over the pressure range from to t o r r .  This mater ia l  
i s  inv i s ib l e  aga ins t  the background l igh t ing  and i t s  presence i s  indi-  
cated by a b r igh t  impact glow on the  w a l l  of the f l a s k  off  the end of 
the charge. An opaque products cloud, suggesting the presence of f r e e  
carbon, i s  a l s o  observed. This cloud has a ve loc i ty  of approximately 
8 km/sec i n  the d i r ec t ion  of detonation which is  a l s o  sens ib ly  constant  
over the pressure range of to t o r r .  At pressures lower than 

t o r r  there  i s  no v i sua l  evidence of a shock wave; however, a t  1 x 
t o r r  a Sa in t  blue shock wave t h a t  envelops the opaque products 

cloud i s  observed. The shock wave has a ve loc i ty  of approximately 
22 km/sec. The opaque products cloud, i n  t h i s  case ,  s t i l l  maintains a 
ve loc i ty  of about 8 km/sec i n  the  d i r ec t ion  of detonation. A t  1 t o r r  
the shock ve loc i ty  has decayed to about 13.5 km/sec while the opaque 
products cloud apparently maintains a ve loc i ty  of about 8 km/sec. F i r -  
ings a r e  cu r ren t ly  being car r ied  out a t  ambient pressure to e s t a b l i s h  
the lower ve loc i ty  l i m i t ,  Another observation t h a t  has some pertinence 
to the  program i s  t h a t  the self- luminosi ty  of the detonating charge is  
very r ap id ly  quenched a t  low pressures.  The exact  t i m e  f o r  t h i s  to oc- 
cur i s  not known but  i t  i s  less than the 1 psec interframe time used i n  
the experiment. 

A 38 ,000- l i te r  tank, 7 f e e t  i n  diameter and 37 f e e t  long i s  being ex- 
amined f o r  s u i t a b i l i t y  t o  t he  lunar problem. The vessel, designed f o r  
a working pressure of 125 psig,  had been used a s  a sump f o r  s lu r r i ed  
coa l  i n  a p ro jec t  involving coa l  t ranspor ta t ion ;  consequently, the in- 
t e r i o r  was contaminated severely with respec t  to i t s  appl ica t ion  to 
high vacuum research. A thorough clean-up by brushing and sweeping 
the inner surface followed by a f a i r l y  long pumping t i m e  with a 17  cu 
f t /min pump produced a vacuum of the order of 200 microns. 
was acceptable f o r  the  intended tests s ince  i t  f e l l  i n  the range of the 
thermocouple vacuum gage. 

This value 
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The t e s t i n g  procedure w a s  t o  coa t  a l l  gasketed j o i n t s ,  nozzle attachments, 
and seam welds with a s ea l an t  and then, when a vacuum i n  the  thermocouple 
gage range had been achieved, t o  methodically d i s so lve  the  r e s i n  with ace- 
tone. I f  a leak was present a r ise i n  pressure would f i r s t  be indicated 
on the  nea res t  of severa l  thermocouple gages placed along the length of 
the  vesse l .  The predominant leaks were apparently i n  the  gasketed c lo-  
sures t h a t  included e i g h t  openings 6 inches or  more i n  diameter, the  la rg-  
es t  having a diameter of 24 inches. No leaks were found when the welds 
were flushed w i t h  acetone. I n  order t o  determine t h a t  the  s e n s i t i v i t y  of 
the de t ec t ion  system w a s  adequate, f i n i t e  amounts of acetone were injecsted 
i n t o  the  ves se l  i n  the  end opposite the pump; response of the  gages w a s  
considered acceptable i n  t h a t  a rise i n  pressure of 20 microns was observed 
i n  2 seconds near the i n j e c t i o n  point f o r  1 cc  of acetone and, a t  the op- 
pos i t e  end (37 f e e t ) ,  a rise of 20 microns occurred i n  20 seconds when 2 c c  
of acetonewere in jec ted  i n t o  the vesse l .  A pumpdown curve is  being obtained 
by admitt ing dry a i r  and monitoring the r a t e  of decrease i n  pressure f o r  
comparison with the theo re t i ca l  pumping performance of t he  system. 

S ta tus  of Manuscripts 

None i n  progress. 
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Bureau 

Task t i t l e :  
Inves t iga tor  
Locat ion: 

Date begun: 

Per  sonne 1 : 

STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

of Mines NASA Program of Mul t id i sc ip l inary  Research 

Effec t  of lunar environment on behavior of f i n e  p a r t i c l e s  
David E .  Nicholson, Pro jec t  Leader 
Spokane Mining Research Laboratory 
Spokane, Washington 
A p r i l  1966 To be completed: June 1969 

David E.  Nicholson, Mining Engineer 
Maynard 0. Serbousek, S t ruc tu ra l  Engineer 
David F. S ta f ford ,  Phys ic i s t  
Robert W .  Carnes, Engineering Technician 
Richard P. Curt in ,  Engineering Technician 

PROGRESS REPORT 

Objective 

The primary objec t ive  i s  t o  determine bas ic  physical  p roper t ies  which 
may influence the handling and t ranspor ta t ion  of f i n e  panrticles i n  a 
lunar environment, a s  an extension of cur ren t  s tud ies  of f i n e  p a r t i c l e  
behavior i n  mine b a c k f i l l  appl ica t ions .  In te rgranular  s t a t i c  and dy- 
namic coe f f i c i en t  of f r i c t i o n  and energy loss  w i l l  be measured. Flow 
r a t e s  and shear s t rength  a t  various s t a t e s  of p a r t i c l e  packing and a t  
various p a r t i c l e  s i z e s  w i l l  be determined and cor re la ted  with f r i c t i o n  
and energy loss  proper t ies .  This work w i l l  i n i t i a l l y  be performed un- 
der conditions of normal ea r th  atmosphere, but w i l l  be extended t o  in- 
clude selected t e s t s  i n  u l t r ah igh  vacuum. The work w i l l  be cor re la ted  
with the study of e l e c t r o s t a t i c  proper t ies  of granular p a r t i c l e s  being 
conducted a t  College Park and the study of f r i c t i o n a l  proper t ies  of 
mineral surfaces  being conducted a t  Minneapolis. 

Progress During the Second Quarter 

E l e c t r i c a l  work on the crushing and mi l l ing  c i r c u i t  was completed dur- 
ing the quar te r .  A high-speed photocell  tachometer was in s t a l l ed  on 
the Vortec impact m i l l .  This w i l l  improve our cont ro l  of the simulated 
lunar rock powders produced by the m i l l .  

A new stock of samples of the simulated lunar rocks w a s  co l lec ted  i n  
October a t  the Oregon and Cal i forn ia  rock si tes.  About two drums of 
rock samples were obtained from each s i te .  

L i t e ra tu re  search and study on Duffy Mindlin theory of granular media, 
Mohr-Coulomb theory,  and appl ica t ions  t o  b in  flow problems were contin- 
ued. D r .  S id iq  M. D a r ,  Professor of Mechanical Engineering a t  Gonzaga 
University,  i s  a s s i s t i n g  i n  the ana lys i s  of a loose packing model prob- 
lem i n  one-dimensional compression from Duffy Mindlin theory. 

17 



Planned work on the measurement of handling proper t ies  i n  moderate vac- 
uum was delayed. 
next quar te r .  

T e s t s  and da ta  ana lys i s  w i l l  be continued during the 

A preliminary design f o r  a t o r s iona l  type shear t e s t i n g  device t o  be 
used i n  the u l t r ah igh  vacuum experiments a t  the Twin Ci t ies  Mining Re- 
search Center was completed. F ina l  design and construct ion of the de- 
v ice  w i l l  be worked out  i n  cooperation with Twin Cit ies  personnel dur- 
ing the next quarter .  

S ta tus  of Manuscripts 

Progress Report on the Lunar Mater ia ls  Handling Pro jec t ,  an informal 
r epor t  by David E .  Nicholson, i s  under preparat ion.  
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Mul t id i sc ip l inary  Research 

Task t i t l e :  Support f o r  underground lunar s h e l t e r  
Inves t iga tor :  Lester  J. Crow, Pro jec t  Leader 
Locat ion: 

Date begun: Apri l  1966 To be completed: June 1969 

Spokane Mining Research Laboratory 
Spokane , Washington 

Personnel: Robert C.  Bates, Mining Engineer 
Lester  J. Crow, Mining Engineer 
Edward W .  Parsons, Mining Engineer 
Colen S.  Smith, Mining Engineer 

PROGRESS RE PORT 

Ob iec t ive 

The objec t ive  i s  t o  advance ground support technology i n  a reas  having 
both t e r r e s t r i a l  and e x t r a t e r r e s t r i a l  appl ica t ion .  Research w i l l  be 
conducted on ground support mater ia l s  which have po ten t i a l  for  u t i l i -  
za t ion  both on the Earth and the Moon. 

Progress During the  Second Quarter 

Work on the use of thermoplastic mixtures of su l fu r  and f i n e  b a s a l t  
p a r t i c l e s  a s  a grout has been subs t an t i a l ly  completed. A s e r i e s  of 
laboratory experiments w e r e  ca r r i ed  out using a good gradation of f i n e  
(1/2-inch t o  10 percent-200 mesh) b a s a l t  p a r t i c l e s  with molten su l fur .  
The molten su l fu r  contained the expansion addi t ive  developed i n  the 
f i r s t  quar te r .  The n e t  r e s u l t  was a mixture t h a t  expanded s u f f i c i e n t l y  
t o  compensate f o r  most of the normal shrinkage of the s u l f u r .  The aver- 
age unconfined compressive s t rength  of the mater ia l  was about 6,000 p s i  
a s  compared t o  9,400 p s i  with a good combination of f i n e  b a s a l t  p a r t i c l e s  
and su l fu r .  

Some experiments have been conducted using sodium s i l i c a t e  with addi t ives  
a s  a bonding agent and by i t s e l f  a s  a s ea l an t  on the surface of su l fur -  
concrete cyl inders .  The low curing temperatures used so f a r  with sodium 
s i l i c a t e  ( l e s s  than 27OC) have not yielded a good sea lan t ,  but i t  i s  too 
e a r l y  i n  the experimental sequence t o  develop t rends.  

Analysis of other  mater ia l s  fo r  use a s  supports i s  continuing. Par t  of 
t h i s  work i s  based on information summaries such as found i n  Evaporation 
Ef fec t s  on Mater ia ls  i n  Space by L. D. J a f f e  and J. B. Rittenhouse, J.P.L. 
Technical Report No. 32-161. Sublimation, evaporation, o r  decomposition 
r a t e s  of many mater ia l s  are too high f o r  use i n  permanent supports t h a t  
a r e  exposed t o  high vacuum condi t ions.  Resul ts  of t h i s  ana lys i s  w i l l  be 
summarized i n  the t h i r d  and four th  quar te rs .  
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Work on formulation of design concepts and devising technqiues and equip- 
ment f o r  f ab r i ca t ion  or  i n s t a l l a t i o n  of support systems using su l fu r  and 
other mater ia l s  i s  continuing. 

S ta tus  of Manuscripts 

Strengths of Sulfur-Basalt  Concrete, by Lester J. Crow and Robert C.  
Bates, i s  being prepared a s  a Bureau of Mines Report of Invest igat ions.  

20 



STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Mul t id i sc ip l inary  Research 

Task t i t l e :  Electrowinning of oxygen from s i l i c a t e  rocks 
Inves t iga tor :  Donald G.  Kesterke, Acting Pro jec t  Coordinator 
Location : Reno Metallurgy Research Center 

Reno, Nevada 
Date begun: June 1966 To be completed: May 1969 

Per  sonne 1 : Donald G. Kesterke, Meta l lurg is t  
Freddy B.  Holloway, Physical Science Technician 

PROGRESS REPORT 

Ob j e c t ive  

The objec t ive  i s  t o  determine the f e a s i b i l i t y  of electrowinning e l e -  
mental oxygen from s i l i c a t e  rocks, a s  one phase of mul t id i sc ip l inary  
e f f o r t s  t o  develop bas ic  knowledge f o r  using lunar mineral resources 
i n  support of space missions. 

Progress During the  Second Quarter 

The objec t ives  t h i s  quarter  were t o  continue electrowinning experiments 
t o  prepare oxygen from s i l i c a t e s ,  emphasizing a study of the e f f e c t  of 
d i f f e r e n t  s i l i c a t e - f l u o r i d e  compositions on c e l l  performance, and t o  
conclude inves t iga t ions  of various r e f r ac to ry  mater ia l s  fo r  use a s  e lec-  
t rodes.  

Research continued t o  electrowin oxygen from a mixture having a composi- 
t i o n  of 69.4 weight-percent BaFa, 5.6 weight-percent LiF, and 25.0 weight- 
percent b a s a l t  plus  s i n t e r ,  E lec t ro lys i s  was conducted a t  1,150' t o  1 , 2 O O 0 C ,  
with 23 t o  65 amperes applied t o  the c e l l  a t  an emf of 14 t o  20 vo l t s .  An- 
a l y s i s  of the gases i n  the v i c i n i t y  of the c e l l  showed 3.5 t o  4 percent ox- 
ygen * 

I n  subsequent experiments, the s i l i c a t e  content of the e l e c t r o l y t e  was in-  
creased, and e l e c t r o l y s i s  w a s  conducted i n  a bath composed of 60.1 weight- 
percent BaF2, 4.9 weight-percent LiF, and 35.0 weight-percent b a s a l t  plus  
s i n t e r .  Ce l l  temperature ranged from 1,150' t o  1,225OC. E lec t ro lys i s  
cur ren t  was 25 t o  33 amperes, and the emf ranged from 14 t o  1 7  v o l t s ,  The 
oxygen content over the ce l l  i n  the  i n i t i a l  experiment was about 2.5 per- 
cent .  However, i n  two succeeding e l ec t ro lyses  i n  which the bath w a s  re- 
used, the maximum oxygen content over the ce l l  dropped t o  1 . 7  percent,  
then t o  0.3 percent.  During these experiments, fuming from the  c e l l  a t  
1,200'C w a s  qu i t e  heavy. I n  an attempt t o  a l l e v i a t e  t h i s ,  the  bath com- 
pos i t ion  was changed t o  p e r m i t  e lec t ro lyz ing  a t  lower temperatures. The 
e l e c t r o l y t e  composition i n  weight-percent w a s  48.5 BaF2, 16.5 L iF ,  and 
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35.0 b a s a l t  plus  s i n t e r .  E lec t ro lys i s  was conducted a t  1,050" t o  
l , l O O ° C  with 35 t o  55 amperes of cur ren t  applied to  the cel l  a t  17 t o  
19 v o l t s .  Fuming w a s  s i g n i f i c a n t l y  reduced but  s t i l l  remained a t  a no- 
t i ceab le  leve l .  Oxygen content  above the c e l l  increased t o  more than 3 
percent during the  i n i t i a l  experiment, However, a s  with the preceding 
experiments, c e l l  performance de ter iora ted  on reuse of t he  e l e c t r o l y t e ,  
and i n  three  succeeding e l ec t ro lyses ,  the maximum oxygen concentrat ion 
over the ce l l  was 2.0, 1.8, and 1 . 3  percent,  respec t ive ly .  

E f f o r t s  continued t o  f ind  su i t ab le  r e f r a c t o r y  materials f o r  use a s  elec- 
t rodes.  Zirconium diboride and s i l i c o n  carbide were evaluated as anode 
mater ia l s  in  experiments conducted a t  1,100" t o  1,200OC. The ZrB, cor- 
roded off  a t  the bath l eve l  a f t e r  about 30 minutes of e l e c t r o l y s i s ,  
while the S i c  las ted  f o r  1 hour. With both mater ia l s ,  oxygen production 
was negl ig ib le .  
mater ia l ,  but  again,  severe corrosion occurred a f t e r  a shor t  e l e c t r o l y s i s .  
From these and previous r e s u l t s ,  the  most s u i t a b l e  e lec t rode  combination 
used t o  da t e  cons is t s  of an iridium anode and a s i l i c o n  carbide cathode. 

I n  a subsequent experiment, ZrB, was used as the cathode 

Sta tus  of Manuscripts 

None i n  progress.  

22 



STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Mul t id i sc ip l inary  Research 

Task t i t l e :  Reduction of s i l i c a t e s  with carbon 
Inves t iga tor :  Larry A. Haas, Pro jec t  Leader 
Location: 

Date be gun : June 1966 To be completed: May 1969 

Twin Cit ies  Metallurgy Research Center 
Minneapolis, Minnesota 

Personnel: Sanaa E .  Khalafa l la ,  Supervisory Research Chemist 
Larry A. Haas, Research Chemist 
Howard W. Kilau, Chemist 
Thomas H. McCormick, Physical Science A i d  

PROGRESS REPORT 

Objective 

The objec t ive  i s  t o  determine the optimum reac t ion  r a t e  c r i t e r i a  f o r  
ex t r ac t ing  oxygen from possible  lunar mater ia l s  i n  a simulated lunar 
environment. The major emphasis of t h i s  research i s  t o  determine the 
k i n e t i c s  and mechanism of the  carbothermal reduction of s i l i ceous  ma- 
t e r i a l s  i n  a high temperature vacuum furnace,  

Progress During t h e  Second Quarter 

The objec t ives  fo r  t h i s  quarter  were t o  determine the degree of car-  
bothermal reduct ion of f a y a l i t e  and i t s  mixtures with s i l i c a  and to  
inves t iga t e  the e f f e c t  of small amounts of m e t a l  oxides on the k ine t -  
i c s  f o r  s i l i c a  reduction. 

The carbothermal reduction of the s i l i c a - i r o n  oxide system has been 
studied a t  var ious temperatures and s i l i c a  contents .  I ron  s i l i c a t e  
( f a y a l i t e )  was made by blending minus 200-mesh powders of wus t i te  and 
s i l i c a  a t  a molar r a t i o  of 2 and fusing t h i s  mixture i n  an i n e r t  a t -  
mosphere a t  1,190"C f o r  1 hour. The fused sample was then ground t o  
minus 60- plus  70-mesh. Microscopic and X-ray d i f f r a c t i o n  ana lys i s  
indicated the p r inc ipa l  mineral was f a y a l i t e .  Twelve grams of fayaf- 
i t e  were mixed with 2.4 grams of graphi te  and heated i n  a vacuum fo r  
5 hours. The e f f e c t  of temperature on the degree of reduction i s  
shown i n  t ab le  I. Only a s m a l l  amount of reduct ion occurred a t  1,lOO"C 
as i s  evident  from the 0.9 percent weight loss  and the small amount of 
carbon monoxide and me ta l l i c  i ron  formed. However, a t  1,13O"C, the 
weight loss was 22.4 percent and 64 mill imoles of carbon monoxide was 
formed. Because S i %  does not reduce appreciably a t  t h i s  temperature, 
the oxygen must have been extracted from the i ron  oxide. 

The reduction of f a y a l i t e  was a l s o  studied i n  the presence of var ious 
amounts of s i l i c a  a s  it i s  usua l ly  associated i n  nature  with large 
*amounts of s i l i c a .  The da ta  i n  t ab le  1 show t h a t  the  amount of reac- 
t i on  a s  measured by the weight l o s s  increases  with decreasing amounts 
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of SiO, or  decreasing melting point  of the  mineral. I ron oxides reduce 
much e a s i e r  than s i l i c o n  dioxide even i f  they a r e  present a s  double ox- 
ides .  About 75 percent of the  i r o n  can be ex t rac ted  from a f a y a l i t e -  
s i l i ca -g raph i t e  mixture a t  1,300°C i n  a vacuum. 
s i l i c a  were reduced much more r ead i ly  than i ron  si l icates.  

I ron oxides without 

Hematite was a l s o  heated i n  vacuum i n  the  absence of graphi te .  
l a s t  th ree  rows i n  t ab le  1 show the e f f e c t  of temperature on the hema- 
t i t e  conversion to  magnetite under vacuum. It i s  evident  t h a t  by vac- 
uum thermal d i s soc ia t ion  alone, hematite can be completely converted 
t o  magnetite a t  l,lOO°C i n  5 hours. 

The 

The study of the e f f e c t  of s m a l l  amounts of a l k a l i  and a lka l ine  ea r th  
metal oxides on the carbothermal reduction of s i l i c a  w a s  studied dur- 
ing t h i s  quar te r .  S i l i c a ,  minus 140- plus  240-mesh) was mixed with 
about 5 percent of various oxide addi t ives .  The mixture was moistened 
with d i s t i l l e d  %O and then heated slowly i n  a programmed muffle fur -  
nace f o r  20 hours a t  the r a t e  of 100°C per hour up t o  1,400°C. This 
was done t o  minimize the sublimation of the a l k a l i  oxides and t o  in- 
corporate the  addi t ive  i n  the s i l i c a  matrix.  Even then some of the 
v o l a t i l e  oxides did sublime, a s  indicated by the  data  i n  t ab le  2 ,  
where a considerable sodium and potassium loss from the intended 5 
percent l eve l  was recorded i n  the  charge ana lys i s .  The manganese ad- 
d i t i v e  was only 4 percent of the o r i g i n a l  mixture before preparation. 
The so l id  mass from the muffle furnace was ground t o  minus 70- plus  
100-mesh and 1 2  grams of t h i s  s i z e  f r ac t ion  were blended with 2.4 
grams of s imi l a r ly  sized graphi te .  
l y  t o  1,400"C i n  the recent ly  acquired vacuum furnace and i t s  weight 
was followed with time using a quartz  spring balance. I n  view of the 
suspected sublimation of the a l k a l i  oxide cons t i tuent ,  even a f t e r  the 
ca re fu l  d iges t ion  i n  the muffle furnace, blank t e s t s  were run with the 
graphi te  r eac t an t  missing, and indeed, s ign i f i can t  weight losses  and 
r e l a t i v e l y  smaller blanks were obtained with calcium and magnesium ox- 
ide under these high vacuum conditions.  I n  each case the blank t e s t  
w a s  subtracted,  point  by point  from the carbothermal k i n e t i c  curve ob- 
tained i n  presence of graphi te ,  and the  curves i n  f igu re  1 w e r e  obtained. 
It i s  immediately d iscern ib le  t h a t  calcium and magnesium, when present  a t  
concentration l eve l s  around 5 percent,  promote the reduction r a t e  of s i l -  
ica .  On the other  hand, small amounts of sodium and potassium r e t a r d  the 
reduct ion rate of s i l i c a .  It i s  in t e re s t ing  t o  note t h a t  5 percent lime 
more than t r ip l ed  the carbothermal reduction r a t e  of s i l i c a ,  whereas 3 
percent magnesia almost doubled t h i s  rate. Whether the ion ic  s i z e  of the 
addi t ive  exerts an e f f e c t  on the reac t ion  acce lera t ion  o r  not ,  w i l l  be 
tes ted  by planned experiments using strontium and barium oxides a s  addi- 
t i v e s  

The mixture was then heated rapid-  
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TABLE 2 .  - Experimental carbothermal reduction data 
of silica with various additives 

Type of charge 

Graphite 
Silica 
CaO + SiO, 
CaO + SiO, + C 
MgO + SiO, 
MgO + SiO, + C 
GO + SiO, 
G O  + SiO, + C 
Na,O + SiO, 
Na,O + SiO, + C 

Charge i alysis, 
Additive Silica 

- 
- 

5.43 
4.98 
3 -65  
3.04 
2.05 
1 .71  
3.65 
3 404 

- 
100 
94.68 
78.16 
95.08 
79.23 
95.51 
79 59 
93.20 
77.66 

percent 
Zraphi t e 

100 - 
- 

16.67 

16.67 

16.67 

16.67 

- 
- 
- 

Cons ti tut 
Additive 

- 
- 

0.00 
.oo . 00 
* 00 

95 e 73 
90.58 
75.52 
32.45 

Status of Manuscripts 

t loss ,  
Silica 

- 
0.20 
1.34 

19.47 
.31 

9.94 
.96 

1.21 
.79 
.41 

percent 
Zraphite 

0 * 2 0  - 
- 

44 67 

25.49 

20.07 

7.16 

- 
- 
- 

The Effect of Physical Parameters on the Reaction of Graphite with 
Silica in Vacuum, by L. A. Haas and S. E. Khalafalla, was published 
as Bureau of Mines Re5ort of Investigations 7207. 

Carbothermal Reduction of Solid and Liquid Siliceous Minerals in Vac- 
uum, by S. E. Khalafalla and L. A. Haas, is being prepared for pres- 
entation at the Annual Meeting of AIME in Washington, D.C. in February. 
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Mult idiscipl inary Resea rch  

Task t i t l e :  S t a b i l i t y  of hydrous s i l i c a t e s  and oxides i n  lunar  

Invest igator :  H a l  J. Kelly,  Project  Coordinator 
Location: Albany Metallurgy Research Center 

Date begun: A p r i l  1966 To be completed: May 1969 

environment 

Albany, Oregon 

Per s onne 1 : Hal J. Kelly, Supervisory Ceramic Research Engineer 
Ray L. Carpenter, Research Phys ic i s t  

PROGRESS REPORT 

Obiective 

The object ive of t h i s  pro jec t  i s  t o  inves t iga te  by d i f f e r e n t i a l  ther -  
m a l  analys is  (DTA) and thermogravimetric ana lys i s  (TGA) the s t a b i l i t y  
of some s i l i c a t e  and oxide minerals i n  a i r  and under high vacuum a t  
elevated temperatures. The determination of t h e  energies required to  
d i s soc ia t e  oxide and s i l i c a t e  minerals and recover Qxygen and water 
i s  the long-range object ive.  

Progress During t h e  Second Quarter 

Further improvements were made i n  the operation of the DTA equipment. 
New thermocouples and in su la to r s  were in s t a l l ed  and the alumina used 
a s  the neu t r a l  mater ia l  has been replaced with a type tha t  produces a 
more s t ab le  base l i ne .  Wi th  these improvements the platinum calorim- 
e t e r  performs s a t i s f a c t o r i l y  i n  a i r  or vacuum. 

A c a l i b r a t i o n  run with calcium carbonate showed t h a t  the equipment 
gives  a response of 38.6 c a l o r i e s  per square inch when a dual channel 
recorder with a char t  speed of 15 inches per hour is used. DTA runs 
made w i t h  a recorder range of 200 microvolts, instead of the 500-micro- 
v o l t  range usua l ly  used, showed tha t  s a t i s f a c t o r y  thermographs could be 
recorded a t  t h i s  amplif icat ion.  The base l i n e  noise was about 4 micro- 
v o l t s ,  representing a subs t an t i a l  improvement over pas t  performance. 
This range can be used f o r  reac t ions  of small thermal energies .  

DTA runs were made on epidote and z o i s i t e  i n  a i r  and i n  vacuum. The 
heat  of decomposition fo r  these  minerals was calculated for  the runs 
i n  a i r  and found t o  be 26.7 and 75.5 ca lo r i e s  per gram, respect ively.  
This r e s u l t  f o r  epidote represents  a cor rec t ion  fo r  the higher value 
reported l a s t  quarter .  The da ta  from the runs i n  vacuum showed the 
peak temperature was higher i n  vacuum than i n  a i r  fo r  epidote but 
lower fo r  z o i s i t e .  Repeat runs w i l l  be made on these minerals t o  
see i f  t h i s  e f f e c t  can be ve r i f i ed .  
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DTA runs were made on ana lc i t e ,  heulandi te ,  s t i l b i t e ,  and apophyl l i te .  
A l l  minerals produced thermographs with peaks i n  the  low temperature 
range, below 500°C. The thermographs agreed with those found i n  the 
l i t e r a t u r e  e 

Sta tus  of Manuscripts 

None scheduled u n t i l  the  t h i r d  quar te r .  
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STATUS REPORT SECOND QUARTER FISCAL YEAR 1969 

Bureau of Mines NASA Program of Multidisciplinary Research 

Task Title: Magnetic and electrostatic properties of minerals in 
a vacuum 

Investigator: Foster Fraas, Project Leader 
Location: College Park Metallurgy Research Center 

College Park, Maryland 
Date begun: June 1966 To be completed: May 1969 

Per sonne 1 : Ronald A. Munson, Research Chemist 
Foster Fraas, Metallurgist 
Anderson Walls, Laboratory Technician 

PROGRESS REPORT 

Objective 

The objective is to study adsorption and contact electrification in a 
vacuum and determine their effect on the separability of nonconducting 
minerals. 

Progress During the Second Quarter 

The previously reported tests on microcline, olivine, and hornblende 
in a size range of minus 35- plus 65-mesh were repeated in the size 
range of minus 65- plus 150-mesh. Results are summarized in table 1,  
together with the results reported last quarter on the smaller size 
quartz. Some single particle layer adhesion on the vibrating feeder 
near the feed hopper was noted for microcline and quartz, and at the 
discharge end of the vibrating feeder for olivine. This adhesion cor- 
responded to the behavior usually obtained in low humidity atmospheres. 

Changes in contact electrification in the atmosphere can be attributed 
to the changes in relative humidity, a higher contact electrification 
being obtained as a result of the lower surface conductivity in the 
lower humidity atmosphere. The increase in electrification which occurs 
in an ultrahigh vacuum would be beneficial to the electrostatic method 
of mineral separation. 

Contact electrification changes between the first pass in vacuum and 
the second pass with its intervening 100°C bake-out may be noted. 
For both the minus 35- plus 65-, and the minus 65- plus 1S0-mesh par- 
ticle sizes, there is little change in the positive electrification of 
olivine. The remaining minerals, except for microcline in the finer 
size, have a decrease in negative electrification value. At the low 
temperature of 100°C and the short bake-out time used in the tests, 
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these changes could only result from the desorption of high vapor 
pressure substances including water. The higher vacuum is not con- 
sidered an influential factor since it only increases the mean free 
path in the gas phase. 

Status of Manuscripts 

Mineral Separation in a Vacuum, by F. Fraas, is under preparation as 
a journal article. 
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